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A correlated color temperature measuring de- 
vice for measuring the color temperature of 
light includes a sensor (21,22,23) which indivi- 
dually senses plural light components (R.G.B) 
of light (24) incident thereon and for providing 
plural corresponding digital color component 
signals representative thereof, a memory (31) 
which stores correction data for correcting the 
plural digital color temperature component sig- 
nals, and a processor (30) which receives the 
plural digital color component signals from the 
sensor. The processor (30) accesses the correc- 
tion data in the memory (31), corrects the plural 
color component signals from the sensor based 
on the correction data and derives a digital 
signal representative of the color temperature 
of the incident light The derived digital signal 
may be displayed on a digital display (14) or may 
be outputted on a digital I/O interface (32) in 
response to a request for digital color tempera- 
ture information. 
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BACKGROUND OF THE INVENTION 
Field Of The Invention 

The present invention relates to correlated color 
temperature detection of ambient or projected light, 
and, in particular, to a digital color temperature detec- 
tor fabricated on an integrated chip. 

Description Of The Related Art 

In color reproduction fields such as commercial 
printing and photography, it is known that the corre- 
lated color temperature of the viewing light affects 
the way in which an observer perceives a color im- 
age. More particularly, an observer will perceive the 
same color image differently when viewed under 
lights having different correlated color temperatures. 
For example, a color image which looks normal when 
viewed in early morning daylight will look bluish and 
washed out when viewed under overcast midday 
skies. 

Correlated color temperature is characterized in 
color reproduction fields according to the tempera- 
ture in degrees Kelvin (°K) of a black body radiator 
which radiates the same color light as the light in 
question. Figure 1 is a chromaticity diagram in which 
Planckian locus (or hereinafter "white line") 1 gives 
the temperatures of whites from about 1500 °K to 
about 10,000 °K. The white color temperature of view- 
ing light depends on the color content of the viewing 
light as shown by line 1. Thus, the aforementioned 
early morning daylight has a white color temperature 
of about 3,000 °K (hereinafter n D30") while overcast 
midday skies has a white color temperature of about 
1 0,000 °K (hereinafter T>1 00"). A color image viewed 
at D60 will have a relatively reddish tone, whereas the 
same color image viewed at D1 00 will have a relative- 
ly bluish tone. 

Because of these perceptual differences, con- 
ventional color reproduction practice accepts 5,000 
°K (hereinafter B D50") as a standard white color tem- 
perature. In accordance with this convention, com- 
mercial color reproduction facilities ordinarily eval- 
uate color images for color fidelity in a room whose 
light is controlled to a white color temperature of D50. 

Recently, however, low-cost high-quality color 
reproduction equipment has become available to in- 
dividual users. Such users are not ordinarily in a pos- 
ition to provide a room having ambient light controlled 
to D50. And, even if such rooms are available, the col- 
or image is not ordinarily displayed In a room whose 
ambient light is D50. Rather, such color images are 
more likely to be displayed In rooms not having a 
white color t mperatureof D50and may, forexampl , 
be used in an office building as part of a business pres 
sentation where the vi wing light is far different from 
D50. 



Since the white color temperature affects the 
perception of color, it has been proposed to modify 
the colors in a color image based on a measurement 
of white color temperature of the viewing light For ex- 
5 ample, "Color Equalization* by J. Schwartz, Journal 
-I Of Image Science And Technology , Vol. 36, No. 4, 
July/ August, 1992, suggests to equalize a color irr^ 
age based on the white color temperature of viewing 
light by adjusting the amount of individual inks used 
10 during a printing process based on the color temper- 
ature of the viewing light 

Heretofore, however, it has not been possible to 
measure the white color temperature of viewing light 
simply and effectively. Instead, white color tempera- 
15 tures have been estimated, or complicated measur- 
ing devices have been used to measure red, green 
and blue tristimulus values of the viewing light in or- 
der to find the corresponding white color tempera- 
ture. Such measuring devices, however, are not ordi- 
20 narily designed to serve the single use of measuring 
the white color temperature. To the contrary, such de- 
vices are designed to serve many different purposes 
besides white color temperature calculation. Conse- 
quently, such conventional devices are large, expen- 
25 sive, and complicated, and typically require trained 
technical personnel for operation. 

It is a concern of the present invention to address 
the foregoing difficulties. 

The Invention provides a digital color tempera- 
30 ture sensor which provides a digital signal of white 
color temperature in response to a digital request to 
provide the white color temperature. The color tem- 
perature sensor device includes calibratable color 
sensors, and is most preferably fabricated on a single 
35 substrate or on a single VLSI chip. 

According to this aspect of the invention, a color 
temperature measuring device for measuring the col- 
or temperature of light comprises a substrate, a sen- 
sor fixed to the substrate for individually sensing the 
40 plural color components of light incident on the sen- 
sor and for providing plural corresponding digital color 
component signal representative of the color compo- 
nents, a memory fixed to the substrate for storing 
correction data for correcting the digital color compo- 
45 nent signals from the sensor, and a processor also 
fixed to the substrate and including a digital interface. 
The processor receives the plural digital color compo- 
nent signals from the sensor, accesses the correc- 
tion data in the memory to correct the plural digital 
so signals in accordance with that correction data, de- 
rives a white color temperature from the corrected 
color component signals, and in response to a request 
to provide a white color temperature, outputs the 
white color temperature on the digital interface. The 
55 digital interface may be provided by an input/output 
(I/O) int rface which may also r ceive the requ st 
The interface may b addr ssable. thereby allowing 
th device to be conn ct d to a serial line and monitor 
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the serial line for requests that are specifically ad- 
dressed to it. An alarm may also be provided to indi- 
cate that the s nsed digital color component signals 
pertain to a light source whose chromaticity is outside 
the range of the white line. 5 

In addition to the for goings nsingmod , the de- 
vice may also b operable in a calibration mode, and 
in this case may be provided with an internal light 
source such as an LED by which new correction data 
for the sensors may be derived. In response to a com- 10 
mand for entering the calibration mode, the device 
sequences the light source through a series of differ- 
ent light levels, and rather than providing white color 
temperature on the digital interface, the device pro- 
vides the plural digital color component signals. is 
Based on those signals, new correction data is de- 
rived, and the correction data is written, via the inter- 
face, back to the memory. 

This brief summary of the invention is provided 
so that the nature of the invention may be understood 20 
quickly. A fuller understanding may be obtained by 
reference to the following detailed description of the 
invention in connection with the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 25 

Figure 1 is a chromaticity diagram showing the 
Planckian locus (or hereinafter "white line") in CIE 
space. 

Figure 2 is a perspective view of a color sensing 30 
device according to the present invention. 

Figure 3 is a functional block diagram of a color 
sensing device according to the invention. 

Figure 3A is a calibration device for calibrating 
the color sensing device. 35 

Figure 4 is a CIE chromaticity diagram showing 
isotemperature lines which give correlated color tem- 
peratures for illumanants which do not fall directly on 
the white line of Figure 1. 

Figure 5 is an elevational view of the physical ar- 40 
rangement of the components shown in the Figure 3 
block diagram, and Figure 6 is a cross-sectional view 
along the line 6-6 in Figure 5. 

Figure 7, comprised by Figures 7(a) and 7(b), is 
a flow diagram showing process steps by which the 45 
Figure 3 embodiment interacts with requests on a 
serial line. 

Figure B is a block diagram showing an arrange- 
ment by which the colors in a color monitor and a color 
printer may be adjusted in accordance with the color $0. 
temperature of viewing light, and Figure 9 is a flow di- 
agram showing the process steps for such an adjust- 
ment. 

Figure 10 Is a block diagram view showing the ar- . 
rangement of plural color temperature sensors in dif- 55 
ferent physical locations. 

Figur 11 is a block diagram view showing an ar- 
rangem nt by which vi wing light temperature and 



another color temperature may be matched to each 
other, and Figures 12 through 14 are flow diagrams 
showing methods for matching the viewing light tem- 
perature, in which Figure 12 is a flow diagram for ad- 
justing the viewing light t mperature to match a de- 
sired color temperature such as D65, Figure 13 is a 
fl w diagram by which a m nitor t mperatur is ad- 
justed to the viewing light temperature, and Figure 14 
is a flow diagram by which viewing light temperature 
is matched to that of a monitor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Figure 2 is a perspective view of a correlated col- 
or temperature sensing device 1 0 according to the in- 
vention. The color sensing device includes a measur- 
ing head 11 comprised of an integrating sphere or a 
diffusing hemisphere by which ambient light such as 
light by which color images are viewed is collected 
and presented uniformly to a light sensor. In the case 
where the light sensing elements are integrated in a 
single substrate as described below, measuring head 
11 contains that substrate: Measuring head 11 is 
mounted on base 12 which provides support for op- 
tional display 14 and alarm indicator 15. Display 14 
displays a correlated color temperature of the light 
striking measuring head 11; in Figure 2 the numerals 
"65" are displayed indicating a correlated color tem- 
perature of 6,500 °K or "D65"; and alarm indicator 15 
visually warns when the light incident on measuring 
head 11 is so highly hued that it cannot be considered : 
to be a white light and correspondingly does not have 
a correlated color temperature. The operation of indi- 
cator 15 is described in more detail below in connec- 
tion with Figure 4. 

Serial cable 17 provides a digital I/O interface by 
which the sensor receives requests and/or com- 
mands for operation and by which the sensor pro- 
vides a .digital output of correlated color temperature. 
A suitable serial convention such as RS-232 may be 
used. 

Figure 3 is a block diagram showing the function- 
al construction of a correlated color temperature sen- 
sor according to the invention. The correlated color 
temperature sensor includes three photosensors 21, 
22 and 23, each for sensing a separate color compo- 
nent of ambient light 24 and for providing an analog 
signal representative thereof. In the present case, 
sensor 21 senses the red color component and Rfo-.. 
vides an analog signal therefor, sensor 22 senses the 
green color component of light 24 and provides an 
analog signal therefor, and sensor 23 senses the blue 
color component of light 24 and provides an analog 
signal therefor. In addition, there may be an optional 
sensor 21a for measuring th blue contribution R1 to 
the red signal R. In this fashion, detection accuracy 
would improv .Each of the analog signals Is conv rt- 
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ed by respective analog to digital (A/D) converters 25, 
26 and 27 and the converted digital signals are led to 
multiplex r29. 

In response to channel information from micro- 
processor 30, multiplexer 29 provides a selective one s 
of the digital signals from A/D converter 25, 26 or 27 
via a data line to the microprocessor 30. Microproces- 
sor 30 may be implemented as a logical gate array, 
but more preferably it is a programmable micropro- 
cessor such as NEC V53. For each digital color com- 10 
ponent signal, microprocessor 30 accesses memory 
31 for correction data to correct the digital signal for 
non-linearities, inconsistencies and other errors in 
s nsors 21, 22 and 23. Specifically, memory 31 in- 
cludes areas 31a, 31b and 31c for storing correction is 
data for the red channel, the green channel and the 
blue channel. The correction data may be in the form 
of a simple bias and gain adjustment, but preferably 
the correction data is in the form of a look-up table 
by which the digital data from one of the A/D conver- 20 
ters is used to look-up a corrected value for that data. 

It is also possible to provide measuring head 11 
with a temperature sensor which is sampled by mul- 
tiplexor 29 and an associated A/D converter to pro- 
vide microprocessor 30 with the temperature of the 25 
sensors 21. 22 and 23 in the sensor head. In this 
case, the correction data also includes corrections 
based on temperature so as to allow microprocessor 
30 to calculate temperature-compensated R, G, and 
B light quantities. 30 

After correcting each of the R, G and B compo- 
nents for ambient light 24, microprocessor 30 refers 
to a correlated color temperature table 31 d stored in 
memory 31. 

Correlated color temperature table 31 d provides 35 
a correlated color temperature based on the correct- 
ed R, G and B digital signals. Correlated colortemper- 
ature refers to a situation in which the color content 
of ambient light 24 is not exactly equal to any of the 
white colors indicated on line 1 of Figure 1. The cor- 40 
related color temperature is defined as the tempera- 
ture of the black body radiator whose perceived color 
most closely resembles that of the given black body 
radiator at the same brightness and under the same 
viewing conditions. 45 

Figure 4 shows isotemperature lines in CIE 1 931 
(x, y) space. Line 1 is the same white line shown in 
Figure 1. The additional lines which are approximate- 
ly perpendicular to line 1 are isotemperature lines. 
Trie values stored in the correlated color temperature so 
table 31 d are such that colors falling on one of the iso- 
temperature lin s are followed back along that line 
until It meets white line 1. The correlated color tem- 
perature Is considered to be the temperature at which 
white line 1 is met Thus, for example, ambient light 55 
whose color is such that its RGB valu s place it at the 
point indicated by ref rence numeral 2, then the cor- 
related color temperature of the ambient light is 6,500 

4 



°K or D65. In this situation, even though the ambient 
light departs fr ma pure whit color, its departure is 
not so great as to consider it non-white, even though 
points above the white line 2 appear slightly greenish 
while points below the white line 1 appear slightly 
pinkish. 

On the other hand, light whose color components 
place it approximately outside the areas indicated by 
dashed lines 3 are so hued that they can no longer be 
considered white. For light whose colors are outside 
. the dashed region 3, such as light indicated by point 
4, microprocessor 30 uses correlated color tempera- 
ture table 31d to generate a non-white indicator which 
is used to illuminate out of range indicator 15. 

The correlated color temperature derived from 
correlated color temperature table 31d is utilized to 
generate a signal to Illuminate Indicator 14. Thus, in 
the case of light whose color places it at point 2, a sig- 
nal "65" is generated corresponding to the 6,500 °K 
color temperature of that light. 

Reverting to Figure 3, microprocessor 30 is pre- 
ferably provided with a serial interface by which it may 
provide a digital signal representative of the correlat- 
ed color temperature not only to indicator 14 but also 
onto a serial line for communication to other digital 
equipment such as a personal computer. Interface 32 
shown in Figure 3 may be constructed of a conven- 
tional universal asynchronous receiver/transmitter 
rUART) by which serial requests received on serial 
line 17 may be processed and, if appropriate, a digital 
signal representative of the correlated color temper- 
ature may be provided. 

In addition to the color sensing mode described 
above, microprocessor 30 may also be programmed 
to provide a calibration mode. In such a calibration 
mode, microprocessor 30 does not output correlated 
color temperatures, but rather outputs uncorrected 
digital R, G and B signals. More particularly, in re- 
sponse to a command to enter a calibrate mode, 
which is illustrated schematically as a command from 
the serial line but which may also be a command 
formed from a simple push-button switch operation, 
microprocessor 30 enters a calibration mode by 
which uncorrected R, G and B values are output The 
output values are compared with expected RGB out- 
put values. Thus, for example, those values are com- 
pared with calibrated values which are expected by 
exposing the sensor to calibrated light The expected 
values for each of the R, G and B components, to- 
gether with tjie actual,. uncorrected values for each of 
the R ( G and B components are assembled into the 
R, G and B correction tables 31a, 31b and 31c. The 
new correction data are provided to microprocessor 
30, for example, over the serial interface, where they 
are stored in memory 31 . 

In connection with the calibrate mode, the sensor 
may be provided with a self contained light emitting 
device such as LED 34. In response to a command to 
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enter the calibration mode, microprocessor 30 con- 
trols LED 34 to illuminate at various pre-designated 
intensity levels. Since LEDs ha v stabl col r temper- 
ature values over their lifetimes, the uncorrected R, 
G and B output values may be compared readily to 5 
those that are expected from the pre-designated lev- 
Is to which the LED is illuminated, thereby forming 
correction data for tables 31a, 31b and 31c. 

While LED 34 is illustrated as a single, whitish- 
output, LED, it is also possible to provide separate. 10 
LEDs, such as a red, green and blue LED, whose 
combined light provides a whitish light. In this case, 
the LEDs should be arranged so as to project light into 
m asuring head 11 so as to allow the light to mix be- 
for illuminating the color sensors, thereby to mini- is 
mize color crosstalk. 

It is also possible to provide calibration LEDs in 
a s parate calibration device. For example. Fig. 3AN- 
lust rates a perspective view with a cut-out section of 
the calibration device which could be used to cali- 20 
brate the color temperature sensing device of the 
present invention. Calibration device 70 consists of 
hollow cylinder 71 having opening 72 at one end. 
Opening 72 is large enough to allow the color temper- 
ature sensing device to enter in the direction of Arrow 25 
A. 

Cylinder 71 has approximately the same diame- 
ter opening 72 as the measuring head 11 of the color 
temperature sensing device so that cylinder 71 fits 
snugly over measuring head 11 in order to prevent 30 
stray light from entering the tube. To this end, the 
walls of bottom portion 73 of cylinder 71 are painted 
black so as to form a light adsorbing surface. The re- 
maining interior 74 is coated with a white lining con- 
sisting of any substance normally used for perfect 35 
white diff users, such as polished opal glass, ceram- 
ics, and fluorinated polymer. At the opposing end of 
opening 72 of cylinder 71 , there is disposed three light 
emitting diodes (LEDs) 75, 76 and 77. Each LED is 
mounted for good heat dissipation on the top portion 40 
of cylinder 71. 

LEDs 75, 76 and 77 are each of a different color, 
and preferably, red, green and blue. In this manner, 
when LEDs 75, 76 and 77 emit light simultaneously, 
the combined colors mix to white. Any number of 45 
LEDs may be used in any proportion to obtain a pre- 
determined correlated color temperature. For exam- 
ple, blue LEDs often emit less light than red LEDs so 
that in order to obtain white, blue LEDs should be 
present in a larger proportion. Moreover, the individ- so 
ual LEDs may be illuminated independently in order 
to obtain the same effect 

Power Is supplied to calibration device 70 , 
through cable 78 from plug 79. Plug 79 is a feed 
through RS-232C connector and a Data Terminal 55 
Ready Line may be used to branch off the required 
nergy to calibrating device 70. 

An opti nal LED 80 may be m unted t the x- 



tension of cylinder 11 to indicate to an operation that 
calibration device 11 is operational. 

Th calibration device is illustrated in Fig. 3A as 
a cylinder, but other configurations are possible, such 
as an integrating sphere having an entrance aperture 
for receiving light from the LEDs and an exit aperture 
for emitted mixed LED illumination light An internal 
baffle may be provided to ensure light from the LEDs 
is shielded from direct emission through the exit 
aperture. 

To use, the calibration device 70 is placed over 
color temperature sensor 10 which is operated in the 
calibration mode. The calibration device 70 exposes 
the color sensors to whitish light and the micropro- 
cessor 30 returns uncorrected RGB values as descri- 
bed above. The uncorrected RGB values are com- 
pared with expected RGB values and calibration ta- 
bles are derived therefrom. 

Figure 5 is an elevational view of the structure of 
the sensor shown in the Figure 3 block diagram. 

As shown in Figure 5, the color temperature sen- 
sor is fabricated on a substrate 40, which is shown as 
a dotted line in Figure 3, in which are integrated or 
fixed the color component sensors 21 , 22 and 23, the 
A/D converters 25, 26 and 27. microprocessor 30, 
memory 31 . and interface 32. The device shown in 
Figure 5 is also provided with an additional color sen- 
sor 21a and corresponding A/D converter 25a which 
is designed to sense the blue contribution of the red 
signal and which may provide more accurate tristimu- 
lus R, G and B values. Substrate 40 may be a non- 
conductive substrate to which the individual compo- 
nents shown in Figure 5 are mounted, but more pre- 
ferably substrate 40 is a VLSI chip on which the com- 
ponents shown in Figure 5 are fabricated in accor- 
dance with known VLSI techniques. Not shown in Fig- 
ure 5 are connectors for Interconnecting between the 
individual elements on substrate 40 and for providing 
external access to the color temperature sensor. 

Sensors 21, 22 and 23 (and, if provided, sensor 
21a) are not pre-sensitized to a particular color 
matching function. Rather, those sensors are con- 
ventional photosensitive devices which are covered 
by a filter or other device for separating ambient light 
into red, green and blue tristimulus values. Thus, as 
shown in Figure 6 which is a cross-section taken 
along line 6-6 of Figure 5, red sensor 21 and green 
sensor 22 are each comprised by a conventional pho- 
tosensing element 41 covered by a filter 42 of appro- 
priate color. Superimposed on ea,ch color filter 42 is 
a lenslet 44 which collect ambient light and inhibit light 
scattering In the assembly. In this regard, further Im- 
provements in sensitivity are obtained if areas away 
from the photosensing elements are shielded by an 
opaque layer of material such as the layer indicated 
. illustratively at 45. 

In operation, power from an unshown sourc is 
provided to the color temperatur sensing devic , 
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and the correlated color temperature sensing device 
is plac d in position to collect ambient light such as 
viewing light for viewing a col r printout. A user reads 
the correlated color temperature of the viewing light 
from indicator 14. and verifies that indicator 15 is not s 
illuminated which would indicate that the viewing light 
is too hued to be considered white. The user utilizes 
the correlated color temperature to ensure that color 
images are viewed under the proper conditions. 
Thus, in one situation, a user may change the color 10 
temperature of the viewing light, for example, by 
opening shades to outside windows so as to increase 
the color temperature or by illuminating incandescent 
bulbs so as to decrease the color temperature. 
Alternatively, a user may adjust the white point of a is 
color monitor, which is the temperature of the color 
produced by a color monitor when its red, green and 
blue guns are generating their maximum signals so 
that it matches the color temperature of the illumin- 
ating ambient light. As yet another example, a user 20 
may enter the color temperature into color printing 
software which operates on the color temperature so 
as to equalize the colors printed by a color printer to 
the viewing conditions. 

In the case where the color temperature sensor 25 
1 0 is provided with a serial interface which allows ac- 
cess to other digital equipment, that digital equipment 
may use the color sensor in accordance with the flow 
diagram illustrated in Figure 7. 

In step S701 , microprocessor 30 initiates its line 30 
monitor loop. The line monitor loop monitors the sta- 
tus of serial line 17 until a new start character is de- 
tected on the serial line. Until a new start character 
is detected on the serial line in step S702, micropro- 
cessor 30 simply reinitiates its line monitoring opera- 35 
tions (step S703) and remains in the line monitor loop 
until a new start character is detected. When a new 
start character is detected on the serial line, flow ad- 
vances to step S704 in which microprocessor 30 
reads the address of the recipient from the serial line 40 
In more detail, several serial devices are ordinarily 
connected to serial line 17. Each of the devices, in- 
cluding the color temperature sensing device 10 is 
accessed in accordance with a unique address code. 
Thus, in step S7Q4, microprocessor 30 reads the ad- 45 
dress code for the recipient from the serial line. If the 
address code does not correspond to the address of 
color temperature sensor (step 5705), then flow re- 
turns to step S703 in which the line monitor loop is re- 
imtiated until a new start character is again detected. 50 

If in step S705 the microprocessor 30 determines 
that it has been addressed, then flow advances to 
step S706 In which the sender's address Is stored 
The s nder's address Is used by microprocessor 30 
in generation of a r sponse. More particularly, micro- 55 
processor 30, when g nerating a serial respons for 
the serial line, will preface that response with the sen- 
der's address so that the response of the correlated 



color temperature device will be directed to the prop- 
er recipient 

Step S707 extracts the command which color 
temperature sensor 10 is to execute. In more detail, 
microprocessor 30 may be programmed to provide re- 
sponses to different commands such as a command 
to provide the temperature on the serial line, a com- 
mand to enter the calibration mode, a command to re- 
ceive and to store new correction data in the calibra- 
tion tables, or a command to reset to a new address. 
In step S707, the command is extracted. 

In step S708, the command is inspected to deter- 
mine if it is a temperature query. If the command is a 
temperature query, then microprocessor 30 sends 
the correlated color temperature corresponding to 
the current ambient light 24 (step S709) and flow then 
returns to step S703 where the line monitor loop is re- 
initiated. 

If the command is not a temperature query, then 
step S710 determines the distance of the correlated 
color temperature is from the white line. If the com- 
mand is a command to determine the distance, then 
the distance is displayed in step S711 and flow re- 
turns to step S703. If the distance query has not been 
selected in step S710, but rather a command to in- 
spect luminance is received (step S712). then in step 
S713 microprocessor 30 sends luminance informa- 
tion out through the serial port. 

If the command received is not a command for lu- 
minance data, but rather a request for RGB tristimu- 
lus values (step S714) then in step S715, the RGB 
values can be determined and output via the serial 
port. 

If the command is not a temperature query com- 
mand, then step S716 inspects the command to de- 
termine if it is a command to enter the calibration 
mode. If the command is a command to enter the cal- 
ibration mode, then microprocessor 30 enters the 
calibration mode whereby uncorrected color compo- 
nents are transmitted on the serial line 17 (step S71 8) 
and, if so provided, microprocessor 30 illuminates 
LEDs 34 (step S71 7). As described above in connec- 
tion with Figure 3, LED 34 are illuminated to plural dif- 
ferent pre-designated illumination levels, and the un- 
corrected R, G and B components for those illumin- 
ation levels are transmitted via the serial line 1 7 to ex- 
ternal calibration equipment. Flow thereupon returns 
to step S703 where the line monitor loop is reinitiated. 

If the calibration mode has not been commanded 
but rattier a command to accept new correction data 
is received (step S719), then in step S720 micropro- ' 
cessor 30 stores a new correction data into R, G and 
B calibration tables 31a, 31b and 31c. As described 
above, these correction data are utilized by micropro- 
cessor 30 to correct the digital data from A/D conver- 
ters 25, 26 and 27 so as to compensat for non-lin - 
anties. non-uniformities and other sources of errors 
in the digital color components. Flow then returns to 
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step S703 where the line monitor loop is reinitiated. 

If the command extracted In step S707 is not a 
command to store a new calibration table, but rather 
is a command to accept a new device address (step 
S721) then flow advances to step S722 in which mi- 5 
crop roc ssor 30 stores the new address for device 
10. Thereafter, microprocessor will only respond in 
step 5704 to serial inquiries to the new address. Flow 
then returns to step S703 where the line monitor loop 
is reinitiated. 10 

The foregoing list of commands is representative 
only, and other commands may be provided for by mi- 
croprocessor 30. However, if microprocessor 30 does . 
not recognize the command extracted in step S707, 
then in step S723 it may be desirable to output an er- is 
ror signal in order to notify the operator that the de- 
vice is operational. - 

Figure 8 is a constructional view of an arrange- 
ment by which computerized feedback is provided 
whereby the color output of a color monitor or the col- 20 
or images formed by a color printer are equalized 
properly for ambient viewing conditions. In Figure 8, 
host CPU 50, which may be a conventional personal 
computing system, is provided with a color monitor 
51, a keyboard 52 and a color printer 53. A color tern- 25 
perature sensing device 1 0 is connected to host CPU 
50 via a serial interface 17 and is arranged to sense 
ambient viewing light for either or both of color mon- 
itor 51 or color printer 53. 

Figure 9 shows process steps executed by host 30 
CPU 50 to equalize the color output of monitor 51 or 
the colors printed by color printer 53 to the ambient 
viewing light. In step S901, CPU 50 generates a tem- 
perature request on serial line 17 which is addressed 
to correlated color temperature device 10. Color tern- 35 
perature sensing device 10 responds to the serial re- 
quest as described above in connection with Figure 
7 and, via serial interface 17, returns a digital repre- 
sentation of the color temperature of the viewing light 
to CPU 50. 40 

In step S902, CPU 50 determines if the monitor; 
white point is equal to the viewing light color temper- 
ature. If the monitor white point is not equal to the 
viewing temperature, then CPU 50 adjusts the mon- 
itor white point (step S903) for example, by adjusting 45 
the gains of the red, green and blue guns in color 
monitor 51. 

In either case, flow then advances to step S904 
in which CPU 50 determines whether a print com- 
mand has been received for printing a color i/nag^ on „ so 
color printer 53. If a print command has not been re- 
ceived, then flow returns to step S901 whereby CPU 
50 constantly monitors the temperature of the view- 
ing light and equalizes the white point of color monitor 
51. On the other hand, if a print command has been 55 
received, then flow advances to step S905 in which 
CPU 50 adjusts the colors printed by color printer 53 
so that they are equalized with the viewing light* s col- 



or temperature. Equalization of th kind described in 
the aforementioned Schwartz article may be utilized 
if desired. 

After equalization, flow returns to step S901 and 
the above operation is repeated. 

Figure 10 shows an arrangement in which plural 
color temperature sensors are arranged in different 
locations such as in different offices in a place of 
business. Each of the color temperature monitors is 
provided with a different serial address and each is 
connected to a serial interface to network bus 50. By 
virtue of the foregoing arrangement, it is possible for 
a user in a first location such as in Office 1, who de- 
sires to view a color image in a different location, 
such as during a conference or a meeting in Office 2, 
to read the correlated color temperature in the view- 
ing light by causing a temperature request to be ad- 
dressed to the color temperature sensor in Office 2. 
Based on the correlated color temperature returned 
by the color temperature sensor in Office 2, the user 
in Office 1 may modify the color printout on his printer 
so that the color image so generated will be equalized 
with the viewing conditions in Office 2. 

In like manner, a user such as that in Office II who 
is not provided with a personal color printer may direct 
his color printer output to a central location such as 
that shown in Office 3. In this instance, the Office 2 
user reads his correlated color temperature sensor 
before queuing a color print output, and the color print 
output is equalized using the Off ice 2 correlated color 
temperature, thereby providing for t he proper viewing 
conditions when the Office II user returns to his of- 
fice. 

Office 3 is provided with its own color tempera- 
ture sensor. This color temperature sensor is utilized 
by the Office 3 color copier and the color facsimile 
unit in a manner similar to that illustrated in Figure 9 
so as to equalize the color outputs of the color copier 
and the color facsimile to the ambient viewing light. 

Figure 11 depicts an arrangement for matching 
viewing light temperature with the temperature of an- 
other light, such as the white point ofa color monitor, 
or a standard day light simulator such as D50. In Fig- 
ure 11, host CPU 50 is provided with a color monitor 
51 , a keyboard 52 and a color printer 53. A color tem- 
perature sensing device 54 is provided to sense light 
55 from color monitor 51 and to provide host CPU 50 
with the white point temperature of monitor 51 . Acolor 
temperature sensor 56 is provided in an area away 
from color monitor 51 so as to sense viewing light in 
the area. The viewing light is a combination of ambi- 
ent light 57, such as light from exterior windows, in 
combination with light 59 which ts from at least one 
controllable light source. In the configuration shown 
in Figure 11 , light 59 is from two light sources, namely 
incandescent source 60 r some other sourc having 
a relatively low color temperature and fluorescent 
source 61 or some other source having a relatively 
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high color temperature. The light intensity from each 
ofsources60and61 is Independently controllable via 
intensity control devices 62 and 64. Intensity controls 
62 and 64 may be fabricated from digitally controlla- 
ble dimmer switches which are operable under digital s 
control from host CPU 50. 

Figure 12 is a flow diagram showing how the 
viewing light color temperature and another light's 
t mperature are matched. In the flow diagram of Fig- 
ure 12, the viewing light is adjusted until the correlat- 10 
ed color temperature of the viewing light adequately 
simulates a desired standard illuminant such as D50. 

In step S1201, CPU 50 reads the viewing light 
color temperature from color temperature sensor 56 
.in accordance with the flow diagram depicted in Fig- is 
ure 7. In step S1202, CPU 50 compares the viewing 
light temperature to the desired light temperature 
such as D65. If.in step S1203 the viewing light tem- 
perature is approximately the desired temperature, 
then flow ends. On the other hand, if the viewing light 20 
temperature is lower than the desired color tempera- 
ture (step S1 204), then the viewing light color temper- 
ature is raised by increasing the color temperature of 
controllable light 59. In the embodiment depicted 
here, this may be achieved either by decreasing the 25 
intensity of incandescent source 60 (step S1205) or 
by increasing the intensity of fluorescent source 61 
(step S1206), or by any combination thereof. These 
adjustments may be made by CPU 50 through incre- 
mental control of intensity controls 62 and 64 where- 30 
by only incremental or step-wise changes are made 
inthecolortemperatureoflight59. Flow then returns 
to step S1201 in which the color temperature of the 
viewing light is again read to determine if it has been 
brought to a level where it is equal to the temperature 35 
of the desired color temperature. 

If in step S1204, it is determined that the viewing 
temperature is higher than that of the desired corre- 
lated color temperature, then the viewing light tem- 
perature must be lowered by lowering the correlated 40 
color temperature of adjustable light 59. In the em- 
bodiment depicted here, this may be achieved either 
by increasing the intensity of incandescent source 60 
(step S1207) or by decreasing the intensity of fluor- 
escent source 61 (step S1208) or by an combination 45 
thereof. As mentioned above, CPU 50 can effect 
these changes through digital control of intensity con- 
trols 62 and 64, and preferably those changes are 
made incrementally or stepwisely so as to effect only 
an incremental or stepwise change in the color tern- so 
perature of light 59. Flow thereupon returns to step 
S1201 so as to determine wh ther the desired color 
temperature has been achieved. 

Figure 13 is a flow diagram showing another ex- 
ample for matching the correlated color temperature 55 
for the viewing light to another correlated color tem- 
perature. In the flow depicted in Figure 13, the color 
temperature f the viewing light is not adjust d, but 
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rather the white point of monitor 51 is adjusted until 
if is the same as the color temperature of the viewing 
light. 

Thus, in step S1 301 , CPU 50 reads the color tem- 
perature of the viewing light from color temperatur 
sensor 56. lnstepS1302, CPU 50 determinesthe col- 
or temperature of light 55 from monitor 51 from color 
temperature sensor 54. In step S1303 CPU 50 deter- 
mines whether the color temperatures are within a 
predetermined tolerance. If the color temperatures 
are acceptable, then flow ends. On the other hand, if 
the color temperature of monitor 51 is low (step 
S1304), then flow advances to step S1305 in which 
the white point of the color monitor is increased, such 
as by increasing the gain of the blue gun or by de- 
creasing the gain of the red gun in the color monitor. 
The change may be made incrementally or stepwisely 
thereby permitting the color temperatures of the 
viewing light and the monitor to be matched iterative- 
ly. Flow thereupon returns to step S1301. 

On the other hand, if the color temperature of 
monitor 51 is greater than the color temperature of 
the viewing light, then flow advances to step S1306 
in which the correlated color temperature of monitor 
51 is decreased, such as by decreasing the gain of 
the blue gun or increasing the gain of the red gun of 
color monitor 51 . Again, the change in color temper- 
ature may be made incrementally so as to achieve 
corresponding incremental decreases in the color 
temperature of the monitor, whereby the color tem- 
perature of the monitor and the viewing light are 
matched iteratively. 

Figure 14 is a further example of a method for 
matching the color temperatures of the viewing light 
and that of another light. In the example of Figure 14, 
the color temperature of the viewing light is adjusted 
so as to match the color temperature of that of mon- 
itor 51. 

Steps S1401 through S1404 are identical to 
steps S1301 through S1304. 

If in step S1404 CPU 50 determines that the cor- 
related color temperature of the monitor is lower than 
the correlated color temperature of the viewing light, 
then the color temperature of the viewing light is de- 
creased by decreasing the color temperature of light 
59. In the example herein, this is achieved by increas- 
ing the intensity of incandescent source 60 or by de- 
creasing the intensity of fluorescent source61, or any 
combination thereof. Any such adjustments are made 
by. CPU. 50 through intensity controls 62 and 64 and 
preferably made incrementally so as to achieve itera- 
tive color temperature matching. Flow thereupon re- 
turns to step S1401. 

On the other hand, if CPU 50 determines in step 
S1404 that the color temperature of the monitor is 
higher than that of the viewing light, then flow ad- 
vances to steps S1407 and S1408 in which the color 
t mperature of the viewing light is increased by in- 
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creasing the color temperature of light 59. In this ex- 
ample, th color temperature of light 59 is increased 
by decreasing the intensity of incandescent light 
source 60 (step S1407) or by increasing the intensity 
of fluorescent source 61 (step S1408) or any combin- 5 
ation thereof. CPU 50 affects these adjustments in- 
crementally via intensity controls 62 and 64 so as to 
achieve color matching iterativeiy. Flow then returns 
tostepS1401. 

In Figure 13 t only the color temperature of the 10 
monitor was adjusted and in Figure 14 only the color . 
temperature of the viewing light was adjusted, but it 
is to be understood that a combination of these ef- 
f cts may be utilized in matching the color tempera- 
ture of the viewing light to the color temperature of 15 
the monitor. That is, it is possible to change the white 
point of the color 51 and also to change the color tern- . 
perature of light 59 in combination so as to achieve a 
match between the color temperature of the viewing 
light and the color temperature of the monitor. 26 



Claims 

1 . A color temperature measuring device for meas- 25 
uring the color temperature of light, said device 
comprising: 

a sensor for individually sensing plural 
light components of light incident thereon and for 
providing plural corresponding digital color com- 30 
ponent signals representative thereof; 

a memory for storing correction data for 
correcting the plural digital color temperature 
component signals; 

a processor for receiving the plural digital 35 
color component signals from said sensor, for ac- 
cessing the correction data in said memory, for 
correcting the plural color component signals 
from said sensor based on the correction data, 
and for deriving a digital signal representative of 40 
the color temperature of the incident light; and 

a digital display for displaying the digital 
signal derived by said processor. 

2. A color temperature measuring device for meas- 45 
uring the color temperature of light, said device 
comprising: 

a sensor for individually sensing plural col- 
or components of light incident thereon and for 
providing corresponding plural digital color sig- so 
nals representative of the light; 

a memory for storing correction data for 
correcting the plural digital color component sig- 
nals; 

a digital I/O interface; and 55 
a processor for r ceiving th plural digital 
color component signals from said sensor, for ac- 
cessing th correction data in said memory and 



for correcting the plural color component signals, 
for deriving a digital color temperature signal 
from said corrected digital color temperature sig- 
nals, and for outputting the digital color temper- 
ature signal on said interface. 

3. A color temperature measuring device for meas- 
uring the color temperature of light, said device 
comprising: 

a substrate; 

a sensor embedded to said substrate, said 
sensor for individually sensing plural color com- 
ponents of tight incident on said sensor and for 
providing plural corresponding digital color com- 
ponent signals representative of the color content 
of the light; 

a memory fixed to said substrate, said 
memory for storing correction data for correcting 
the plural digital color component signals; and 

a processor fixed to said substrate and in- 
cluding a digital interface, said processor for exe- 
cuting process steps to receive the plural digital 
color component signals from sad sensor, to ac- 
cess the correction data in said memory, to cor- 
rect the plural digital color component signals 
based on the correction data, to derive a color 
temperature signal from the corrected digital col- 
or component signals, to receive a request for 
providing a color temperature signal, and to out- 
put the digital color temperature signal on the dig- 
ital interface in response to the request. 

4. A device according to claim 1 , further comprising 
a housing for enclosing the sensor, said housing 
including a light diffuser for the sensor and 
means for mounting the digital display thereon. 

5. A device according to claim 1 , wherein said mem- ' 
ory stores color temperature conversion data for 
converting color components into a color temper- 
ature, and said processor converts the plural 
corrected digital color component signals into a 
color temperature based on the color tempera- 
ture conversion data in said memory. 

6. A device according to claim 5, wherein the color 
temperature conversion data is correlated color 
temperature conversion data. 

7. A device according to claim 1, further comprising 
a digital I/O interface and wherein said processor 
Is responsive to commands on the digital I/O In- 
terface that are addressed to a pre-destgnated 
address. 

8. A device according to claim 7, wherein said proce- 

ssor is responsiv to a command for writing the 
correlated color tempera tur nto th digital I/O 
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10. 



11. 



Interface. . 

A device according to ciaim 2, wherein said mem- 
ory stores color temperature conversion data for 
converting color components into a color temper- 
ature, and said processor converts the plural 
corrected digital color component signals into a 
color temperature based on the color tempera- 
ture conversion data in said memory. 

A device according to claim 9, wherein the color 
temperature conversion data is correlated color 
temperature conversion data. 

A device according to claim 2, wherein said proc- 
essor is responsive to commands on the digital 
I/O interface that are addressed to a pre-desig- 
nated address. 



12. A device according to claim 11, wherein said 
processor is responsive to a command for writing 
the correlated color temperature onto the digital 
I/O interface. 

13. A device according to either claim 2 or claim 3. 
further comprising a housing having a measuring 
head for mounting the sensor therein. 

14. A device according to claim 13, further compris- 
ing a digital display mounted on said housing. 

15. A device according to claim 14, wherein said 
processor outputs a digital color temperature sig- 
nal to said display for displaying a visual indica- 
tion of the color temperature of light. 

16. A device according to either claim 2 or claim 3, 
wherein the memory stores correction data 
which is correlated color temperature conversion 
data. 

17. A device according to anyone of claims 1, 2 or 3, 
wherein said memory is programmable. 

18. A device according to claim 17, wherein said 
processor is operable in a calibration mode for 
storing correction data in said memory. 

19. A device according to claim 18, further compris- 
ing at least one light source operable by s^id 
processor to illuminate said sensor at pre-desig- 
nated light levels wherein said at. least one light 
source Is operable during said calibration mode. 



20. a d vice according to claim 18, wherein in said 
calibration mode said processor writes uncor- 
rected digital color component signals to th dig- 
ital interface. 
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21. A device according to any of claims 1 , 2 or 3, fur- 
ther comprising an indicator for Indicating out-of- 
range color temperatures. 

22. A device according to claim 21, wherein said 
processor activates said indicator based on cor- 
rection data stored in said memory. 

23. A device according to any one of claims 1, 2 or 3, 
wherein said processor is responsive to com- 
mands on the digital interface that are addressed 
to a pre-designated address. 

24. A device according to claim 21, wherein said 
processor is responsive to a command for chang- 
ing to a calibration mode. 

25. A device according to claim 24, wherein in said 
calibration mode said processor writes uncon- 
nected digital color component signals to the dig- 
ital I/O interface. 

26. A device according to claim 23, wherein said 
processor is responsive to a command for receiv- 
ing correction data on the digital interface and 
wherein in response to the command said proc- 
essor stores the correction data from the digital 
interface to said memory. 

27. A device according to claim 23, wherein said 
processor is responsive to a command to change 
the pre-designated address. 

28. A device according to any one of claims 1 , 2 or 3, 
wherein the digital interface is comprised by a 
universal asynchronous receiver/transmitter. 

29. A device according to any one of claims 1 , 2 or 3, 
wherein said sensor includes plural photosen- 
sors each having a corresponding means for pro- 
viding a respective one of the plural color compo- 
nents. 

30. a device according to claim 29, wherein said 
means comprises corresponding color filters. 

31. A device according to claim 29, further compris- 
ing an A/D converter for each of said plural pho- 
tosensors. 

32. A calibration device for calibrating a color temper- 
ature sensor comprising: 

an Illuminator for Illuminating the color 
temperature sensor to a correlated color t mper- 
ature; 

a controller for automatically controlling 
the illumination of the illuminator and for r ceiv- 
ing color output values from a plurality f color 
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sensors and calculating color sensor calibrations 
based thereon. 

33. A calibration device as defined in claim 32, 
wherein the illuminator is an LED. 5 

34. A calibration device as defined in claim 32, 
wherein the illuminator comprises a red, a green, 
and a blue LED. 

10 

35. A calibration device as defined in claim 32, 
wherein the illuminator is co-mounted with the . 
plurality of color sensors. 

36. A calibration device as defined in claim 32, is 
wherein the calibration device comprises a cylin- 
der having a proximal open end adapted to re- 
ceive the color temperature sensor and wherein 

the proximal open end includes a light absorbing 
surface. ?o 

37. a calibration device as defined in claim 35, 
wherein the cylinder further includes a distal 
closed end having the illuminator mounted there- 
on. 25 
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